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METHODS FOR PROVIDING A
PULSE-WIDTH MODULATED POWER
SIGNAL, NODE AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims foreign priority benefits under
US.C. § 119 to German Patent Application No.
102021103155.9 filed on Feb. 10, 2021, the content of which

1s hereby incorporated by reference in 1ts entirety.

TECHNICAL FIELD

The invention relates to methods for providing a pulse-
width modulated power signal, a corresponding node for
providing a pulse-width modulated power signal, and to a
corresponding system for providing a pulse-width modu-
lated power signal.

BACKGROUND

Pulse-width modulated power signals are commonly used
in order to control power consuming devices. For example,
the speed of a motor, a power converter, or the brightness of
a light emitting device may be controlled by pulse-width
modulation. Often a plurality of nodes 1s used to implement
pulse-width modulation, wherein respective phases of each
node are coupled together 1n order to reach higher output
power. Synchronization between such nodes 1s important to
ensure functionality.

SUMMARY

It 1s an object of the present invention to provide methods,
a corresponding node and a corresponding system for pro-
viding a pulse-width modulated power signal that 1s diflerent
or improved with respect to the prior art. This 1s achieved by
methods, a node and a system according to the main claims.
Preferred implementations are claimed in the dependent
claims.

The 1invention relates to a method for providing a pulse-
width modulated power signal with one or more phases at a
node having a timer, the method comprising the following
steps:

receiving, from a central umit, a control signal, the control

signal comprising a state for each of the phases and a
time stamp,

applying the control signal such that each phase i1s con-

trolled according to its state, until the timer reaches the
time stamp, and

when the timer reaches the time stamp, applying a further

control signal recerved after the control signal.

With such a method, 1t 1s possible to very accurately
provide a pulse-width modulated power signal that can be
accurately synchronized with other nodes. The control sig-
nal provides for an easy definition of the intended switching
or controlling of phases according to the required modula-
tion. Each phase can be set separately, and the duration can
be set mndividually for each control signal.

Usually, one or more phases are used such that the node
may either forward the power of the respective phase 1n full
or partly to a controlled entity, or not. The time stamp may
set a duration or moment 1n time 1n a way that the actual time
for which a combination of phase state 1s active 1s defined.

According to a possible implementation, a state may be a
binary state. This means that the state has only two possible

10

15

20

25

30

35

40

45

50

55

60

65

2

values. In such an implementation, a phase may be put on i
its state has a first value and the phase may be put off 11 1ts
state has a second value.

According to another possible implementation, a state
may be a non-binary state. For example, a state may be a
state having more than two possible values. In such an
implementation, a phase may not only be switched on and
ofl, but there may be also only a fraction of the power of a
phase relayed. This fraction may be determined by the state.
The state may also determine another polarity of a phase.
For example, a state may have three diflerent values. How-
ever, any other number of values can be used.

Applying a control signal may especially mean that a
phase may pass the node 11 1t 1s put on and may not pass the
node 11 1t 1s put oil, or that a certain fraction of the power of
a phase 1s relayed.

The timer 1s typically incremented continuously such that
some timer value changes homogeneously. The timer may
also be decremented continuously 1in a similar manner.

According to an implementation, the central unit may be
a separate unit that has a diflerent functionality to the nodes.
This can especially mean that the central unit has not the
functionality typical for a node, 1.e. controlling phases.
According to an alternative implementation, the central unit
may be a node or may be integrated into a node. Thus, the
central unit may also have the functionality typical for a
node. In this case, the central unit may be regarded as a
special type of node.

The steps of applying may especially be repeated con-
secutively with consecutively received control signals. This
means that the node continuously receives control signals,
and that the phase state values are also applied consecutively
alter expiration of the previous control signal. The receiving
of the control signals does not have to be synchronized with
the application.

Especially, three phases may be controlled by the node.
This corresponds to typical implementations, for example
with three motor phases. However, also other numbers of
phases may be used. For example, only one phase can be
used.

According to a preferred implementation, the timer 1is
driven by a clock of the node. The clock may be a local
clock. Thus, all necessary functionality for driving the timer
1s comprised 1n the node. However, also other implementa-
tions are possible. For example, a clock may be recovered
from a communications channel and/or a communications
network.

According to a preferred implementation, the timer 1is
synchronized by recerving a timer synchronization signal
from another node and putting the timer to a value being
determined by the timer synchronization signal and a delay
time. This can provide for an eflicient and reliable timer
synchronization between nodes, as delay times usually do
not change during operation. The timers of several nodes
may be synchronized in short time intervals to ensure exact
synchronization during operation. The delay time may be
determined, e.g. at startup.

The time stamp may especially be given as an absolute
value, or as a duration. Giving 1t as an absolute value may
especially mean that the state values of the control signal are
applied until the timer has a value specified 1n the control
signal. Giving 1t as a duration may especially mean that the
state values of the control signal are applied until the timer
has a value calculated by adding a value specified 1n the
control signal to the timer value at which application of the
previous control signal ended.
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The phases may especially be controlled using respective
Insulated Gate Bipolar Transistors of the node. In other
words, the node may have such Insulated Gate Bipolar
Transistors. They have been proven suitable to control large
currents or voltages.

The Insulated Gate Bipolar Transistors may be arranged
in an 1mverter bridge with an upper arm and a lower arm. As
an alternative preferred example, Silicon Carbide MOSFETs
can be used. However, also other kinds of transistors or other
switches may be used.

Furthermore, the mvention relates to a method for pro-
viding a pulse-width modulated power signal using a plu-
rality of nodes and a central unit,

wherein each node performs a method as described

herein,

wherein the central unit sends control signals according to

a required pulse-width modulation scheme to the
nodes, and

wherein corresponding phases of the nodes are electri-

cally coupled in parallel.

This means that the power delivered by the nodes may be
combined. This leads to a significantly higher maximum
output power. A pulse-width modulation scheme may be
defined e.g. by an external entity such as a motor control.
The central unit may produce suitable control signals and
send them to the nodes.

The method may especially further comprise a timer
synchronization, the timer synchronization comprising the
following steps:

sending, from at least one first node to at least one second

node, a synchronization signal, the synchromization
signal comprising a current timer value of the first
node, and

receiving, at least at the second node, the synchronization

signal, and setting the timer of the second node to a
value calculated as the current timer value comprised in
the synchronization signal plus a delay value.

This allows for an eflicient synchronization of the timers
between the nodes such that 1t 1s ensured that all nodes have
the same timer value and change 1t at the same times.

Especially, the synchronization may be performed in
specified time intervals during operation. Such time inter-
vals may be set such that possible drifts occurring between
the nodes do not produce problems in operation.

Typically, the time interval may be at least 10 us, at least
20 us, at least 100 us, or at least 500 us; and/or at most 100
us, at most 500 us, or at most 1 ms. Especially, 1t may be 50
us. Such values are suitable for typical applications. How-
ever, also other values can be used.

The method may especially further comprise a delay
value determination, the delay value determination compris-
ing the following steps:

sending, from at least one first node to at least one second

node, a first determination signal,

receiving, at least at the second node, the first determi-

nation signal, and immediately after receiving the first
determination signal sending, from at least the second
note, a second determination signal back to at least the
first node, and

calculating the delay value based on a round-trip time of

the determination signals.

This allows for eflicient calculation of a delay value,
especially between a first node and a second node which
may also be called Slave and Master.

Especially, the delay value determination may be per-
tformed with startup of the nodes and the central unit. This
may ensure that a current delay value 1s determined and 1s
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4

available during operation. However, the delay value deter-
mination may also be performed during run-time. For
example, 11 1t 1s to be expected that the delay value may
change during operation, 1t 1s also possible to perform
further delay value determinations during operation.

The delay value may especially be calculated by calcu-
lating a sum of the round-trip time and a previous delay
value, and dividing the sum by two. This can allow for a
smooth adjustment of delay values so that a possible error 1n
the determination does not lead to problems.

The combination of nodes and a central unit can espe-
cially be called a system.

The mnvention relates further to a node for providing a
pulse-width modulated power signal being configured to
perform a method as described herein.

The 1nvention relates further to a system for providing a
pulse-width modulated power signal comprising a plurality
of nodes and a central unit, the nodes and the central unit
being configured to perform a method as described herein.

With respect to the methods, all implementations as

described herein may be applied.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be described with respect to the
enclosed drawing, in which

FIG. 1 shows a system for providing a pulse-width
modulated power signal,

FIG. 2 shows typical signal tlows,
FIG. 3 shows an implementation of control signals, and

FIG. 4 shows a further implementation of control signals.

DETAILED DESCRIPTION

FIG. 1 shows a system 5 for providing a pulse-width
modulated power signal according to a typical implemen-
tation.

The system 5 comprises a central unit 10 and three nodes
21, 22, 23 which are connected by a communication network
7. Each node controls three phases U, V, W 1n a way that 1t
may relay each phase to a power consuming entity that 1s not
shown in FIG. 1. The power consuming entity may be
regarded as a power sink. Alternatively, the flow of power
may be reversed. For example, also a power source may be
connected to the phases U, V, W.

Each node 21, 22, 23 has i1ts own internal timer 31, 32, 33.
They provide for timer values that are increased continu-
ously and are used 1n order to control switching of the phases
U, V, W. This will be explained further below.

FIG. 2 shows typical signal tlow between a MASTER
node and a SLAVE node for timer synchronization. The
MASTER node may either be the central unit 10, or 1t may
be one of the nodes 21, 22, 23. Also the SLAVE node may
either be the central unit 10, or 1t may be one of the nodes
21, 22, 23. The scheme of FIG. 2 just shows possible
communication between two entities. It 1s noted that frames
or signals for timer synchronization may especially be
separate to frames or signals defining pulse width modula-
tion. However, they may also be combined.

At first, there may by a synchronization signal SYNC sent
from the MASTER to the SLAVE. This synchronization
signal SYNC comprises a current timer value t1__ _ of the
MASTER’s internal timer. The slave uses this information 1n
order to synchronize i1ts own internal timer, namely by
adding, to the timer value t1____ . a delay value and by
setting 1ts own 1nternal timer to the thus calculated value.
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The next two steps show how to determine the delay
value. At first, a first determination signal TREQ) 1s sent from
the SLAVE to the MASTER, containing an identifier ID.
Immediately afterwards, a second determination signal
TRESP with the identifier ID and a timer value €2 of the
MASTER 1s sent back from the MASTER to the SLAVE.
The SLAVE 1s now able to calculate a round-trip time and
thus to calculate the delay value. As a rule, the round-trip
time minus processing times 1s twice the delay value. In
order to smoothly adapt the delay value, the previous delay
value may be added to the currently determined delay value,
and the sum may be divided by 2 1n order to get the new
delay value.

At later times t1 . a respective synchronization signal
SYNC may be sent from the MASTER to the SLAVE 1n
order to perform timer synchronization.

FIG. 3 shows three phases U, V, W and four correspond-
ing control signals, which are denoted by CS1, CS2, CS3,
CS4. Fach control signal CS comprises state values for each
phase U, V, W and a timestamp 1n form of an absolute value
Tstamp. I a state signal 1s O, the respective phase should be
ofl when the control signal CS 1s applied. If a state signal 1s
1, the respective phase should be on when the control signal
CS 1s applied.

At the beginning, all phases are ofl. When the first control
signal CS1 1s applied, this does not change. After the internal
timer of the node, whose values are shown below the phases,
has reached the absolute value Tstamp of the first control
signal CS1, 1.e. a value of 4000, the second control signal
CS2 15 applied, switching the phase V to on.

After the absolute value Tstamp of the second control
signal CS2 has been reached, the third control signal CS3 1s
applied, switching also phase U to on. After the absolute
value Tstamp of the third control signal CS3 has been
reached, the fourth control signal CS4 1s applied, switching,
all phases U, V, W to ofl.

The implementation of FIG. 4 shows the same function-
ality, 1.e. an 1dentical switching of phases, but with a slightly
different implementation of the second control signal CS2
and the third control signal CS3. These control signals CS2,
CS3 do not have absolute values Tstamp, but durations, for
the time stamp. They set the intended duration of application
of the respective control signal CS2, CS3 starting from the
end of application of the previous control signal. As 1is
shown, both implementations of time stamps can be com-
bined, increasing flexibility.

It should be noted that while FIGS. 3 and 4 show an
implementation with only two possible values for the phase
states, also more than two values can be used 1n other
implementations. For example, each phase state may have
three possible values.

In summary, a new approach to providing a pulse-width
modulated signal has been disclosed, which allows for a
high accuracy and easy implementation.

While the present disclosure has been illustrated and
described with respect to a particular embodiment thereot, 1t
should be appreciated by those of ordinary skill 1n the art
that various modifications to this disclosure may be made
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A method for providing a pulse-width modulated power
signal with one or more phases at a node having a timer, the
method comprising the following steps:

receiving, from a central unit, a control signal, the control

signal comprising a state for each of the phases and a
time stamp,
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6

applying the control signal such that each phase 1s con-
trolled according to the phase’s state, until the timer
reaches the time stamp, and

when the timer reaches the time stamp, applying a further

control signal received after the control signal.

2. The method according to claim 1,

wherein the step of applying 1s repeated consecutively

with consecutively received control signals.

3. The method according to claim 1,

wherein three phases are controlled by the node.

4. The method according to claim 1,

wherein the timer 1s driven by a clock of the node.

5. The method according to claim 1,

wherein the timer 1s synchronized by receiving a timer

synchronization signal from another node and putting
the timer to a value bemng determined by the timer
synchronization signal and a delay time.

6. The method according to claim 1,

wherein the time stamp 1s given as an absolute value, or

as a duration.

7. The method according to claim 1,

wherein the phases are controlled using respective Insu-

lated Gate Bipolar Transistors or Silicon Carbide MOS-
FETs of the node.
8. A method for providing a pulse-width modulated power
signal using a plurality of nodes and the central unit,
wherein each node performs a method according to claim
1,

wherein the central unit sends control signals according to
a required pulse-width modulation scheme to the
nodes, and

wherein corresponding phases of the nodes are electr-

cally coupled 1n parallel.

9. The method according to claim 8, further comprising a
timer synchronization, the timer synchronization comprising,
the following steps:

sending, from at least one first node to at least one second

node, a synchronization signal, the synchromization
signal comprising a current timer value of the first
node, and

receiving, at least at the second node, the synchronization

signal, and setting the timer of the second node to a
value calculated as the current timer value comprised 1n
the synchronization signal plus a delay value.

10. The method according to claim 9,

wherein the timer synchronization 1s performed 1n speci-

fied time intervals during operation.

11. The method according to claim 10,

wherein the time interval 1s at least 10 us, at least 20 us,

at least 100 s, or at least 500 us; and/or at most 100 us,
at most 500 us, or at most 1 ms; or 50 us.

12. The method according to claim 9, further comprising
a delay value determination, the delay value determination
comprising the following steps:

sending, from at least one first node to at least one second

node, a first determination signal,

receiving, at least at the second node, the first determi-

nation signal, and immediately after recerving the first
determination signal sending, from at least the second
node, a second determination signal back to at least the
first node, and

calculating the delay value based on a round-trip time of

the determination signals.

13. The method according to claim 12,

wherein the delay value determination 1s performed with

startup and/or during run-time of the nodes and the
central unit.
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14. The method according claim 12,

wherein the delay value 1s calculated by calculating a sum

of the round-trip time and a previous delay value, and
dividing the sum by two.

15. A node for providing a pulse width modulated power 5
signal being configured to perform a method according to
claim 1.

16. A system for providing a pulse-width modulated
power signal comprising a plurality of nodes and a central
unit, the nodes and the central unit being configured to 10
perform a method according to claim 8.

17. The method according to claim 2, wherein three
phases are controlled by the node.

18. The method according to claim 3, wherein the timer
1s driven by a clock of the node. 15

19. The method according to claim 2, wherein the timer
1s synchronized by receiving a timer synchronization signal
from another node and putting the timer to a value being
determined by the timer synchronization signal and a delay
time. 20

20. The method according to claim 3, wherein the timer
1s synchronized by receiving a timer synchronization signal
from another node and putting the timer to a value being
determined by the timer synchronization signal and a delay
time. 25
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